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Abstract 
Background 
The short-term benefits of exercise in people with multiple sclerosis (MS) are well 
established. To sustain benefits exercise needs to continue long-term. Despite 
important clinical implications, no systematic reviews have synthesized evidence on 
adherence and drop-out in MS exercise interventions. 
Objectives 
1) To summarize reported adherence and drop-out data from randomized controlled 
trials (RCTs) of exercise interventions, and 2) identify moderators related to 
adherence and drop-out.      
Methods            
Nine databases were electronically searched in October 2018.  Included studies 
were RCTs of exercise interventions in adults with MS published from January 1993 
to October 2018. Abstracts and full texts were independently screened and selected 
for inclusion by two reviewers. Methodological quality was assessed using the 
TESTEX rating scale.  
Results 
Ninety three articles reporting 81 studies were included. Forty one studies (51%) 
reported both adherence and drop-out data during the intervention period with three 
(4%) also reporting follow-up data. Of the 41 studies, < 25% pre-defined adherence 
or described how adherence was measured.  
Meta-analyses of 59 interventions (41 studies) showed a pooled adherence estimate 
of 0.87 (95% CI 0.83 to 0.90) and 0.73 (CI 0.68-0.78) when including drop-outs. 
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Mean age, proportion of females and intervention duration were inversely associated 
with adherence. 
Conclusion 
Little consensus existed on definition of adherence or determination of drop-out in 
MS exercise studies, with reporting generally of poor quality, if done at all. Hence it is 
largely unknown what can moderate adherence and whether exercise continued 
following an exercise intervention. Researchers should ensure clear transparent 
measurement and reporting of adherence and drop-out data in future trials.   
 
Key Words: multiple sclerosis; exercise; adherence; drop-out; review 
PROSPERO trial register number CRD42018112866. 
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1. Introduction 
Promoting exercise in people with multiple sclerosis (pwMS) is important 
since the short-term benefits of exercise are well documented1-4 as are the low levels 
of physical activity within the population.5 The international community of 
researchers6  and clinicians continue to develop our understanding of exercise in 
pwMS and work towards identifying the most effective exercise interventions for 
people with a range of disability7,8,1,9,10 and in a range of settings.11-13 For example, 
over the past twenty years interventions to enhance long-term engagement with 
activity14-16 have been developed and evaluated and the value of incorporating 
behavioural interventions to support behaviour change has been investigated.17-19 
These developments are vital since sustained engagement in exercise is required to 
retain any benefits gained.20 
  A key term used when considering long-term engagement with an intervention 
is “adherence”. Within the field of exercise research this term is often used 
synonymously with that of compliance, concordance or participation but within this 
paper the term adherence as defined by the World Health Organisation (WHO) (see 
definitions section below) will be used.21 It is of note that according to WHO, across 
diseases, adherence is the single most important modifiable factor that affects 
outcome. Despite the advances in MS exercise and rehabilitation research, poor 
exercise and physical activity levels are still reported in pwMS5, highlighting the 
importance of continuing to gain greater depth of understanding regarding the factors 
that impact adherence in this population. 
In addition, in order for any intervention to have a positive long-term impact it 
is imperative that its efficacy transcends the research setting into clinical practice 
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and the daily lives of those people it is designed to help. As such, it is important that 
research is conducted and reported in a manner that allows clinicians and healthcare 
providers to be confident in the quality, replicability and relevance of the findings. It is 
also important that effective exercise interventions are suitable for implementation 
within the financial constraints of health service provision and are feasible and 
acceptable to the user in order to maximise adherence.  
Many of these important factors, including intervention delivery, level of 
supervision, study retention and intervention adherence were considered by Allen et. 
al.22 in a review of exercise interventions in people with Parkinson’s disease. 
Interventions from the 53 included studies were typically of short duration and highly 
supervised, with less than half reporting adherence. They highlighted the challenge 
this presented to clinicians considering the cost-benefit balance when seeking to 
translate research into practice. It is not yet known whether similar issues are 
experienced in the field of MS or whether sufficient information exists to identify 
important moderators of long-term adherence and drop-out in exercise studies. 
Therefore, the objectives of this systematic review were to 1) summarize reported 
adherence and drop-out data from Randomized Controlled Trials (RCTs) of exercise 
interventions during the intervention and at follow up, and 2) identify moderators 
related to adherence and drop-out during the exercise intervention and at follow up.                            
 
2. Methods 
This review is reported in line with the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses (PRISMA).23 The protocol for this review 
was registered with PROSPERO ref CRD42018112866.  
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The following PICO question was formulated and guided the literature search 
and study inclusion: What adherence and drop-out data are reported by studies 
evaluating structured exercise interventions (according to the definition of 
Caspersen24) in pwMS, during both the intervention period and any follow-up period, 
and what moderators of adherence and drop-out can be identified, which relate to 
these exercise interventions?  
 
2.1 Definitions 
The following definitions are used within this review: 
Exercise: As defined by Caspersen, a form of physical activity that is planned, 
structured and repetitive, and is undertaken with the objective of improving or 
maintaining at least one aspect of physical fitness; that is strength, flexibility or 
aerobic endurance.24  
 
Physical activity: Any bodily movement produced by skeletal muscles that requires 
energy expenditure.24  
 
Adherence: The World Health Organisation (WHO) define adherence as “the extent 
to which a person’s behaviour; taking medication, following a diet, and/or executing 
lifestyle changes, corresponds with agreed recommendations from a health care 
provider”.25 Adherence is reported as the number of attended sessions expressed as 
a % of the total number of planned supervised sessions, and/or the percentage of 
completed prescribed home programme exercises/sessions where this was a 
component of the intervention. In addition, adherence can be reported according to 
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pre-defined cut-offs as stipulated by study authors. Where possible distinction is 
made between adherence to session attendance (session adherence) and 
adherence to the specific exercise protocol (content adherence). 
 
Drop-out: Participants that leave a study during the intervention period or during the 
follow up period expressed as: 
% drop-outs during intervention period = (drop-outs during intervention period/ total 
number recruited participants) x100 
% drop-outs during follow up = (drop-outs during follow up period/ total number 
recruited participants) x100 
Study drop-outs could be related to a multitude of factors. Some, directly related to 
the exercise intervention itself such as time commitment, but others may be study 
related factors such as failure to attend follow up assessments 
 
Adverse event: Any unfavourable and unintended symptom or disease that develops 
or worsens during the period of the trial, whether or not it is considered to be related 
to the trial intervention.26  
 
2.2 Eligibility criteria 
To be eligible for inclusion, studies were RCTs in adults over 18 years of age 
with a diagnosis of MS but regardless of gender, disease duration, MS phenotype or 
level of disability. Trials involved exercise interventions of any modality (location, 
group/ individual structure, level of supervision, intervention duration, session 
duration, intensity, frequency); content (aerobic, resistance, combined, other); with or 
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without inclusion of a behavioural or home exercise component and with or without a 
follow up period.  
  
Studies where the primary intention was to improve balance but the 
intervention was exercise (as defined by Caspersen24) were included. Studies 
reporting: balance gaming interventions (such as the Wii Fit); interventions 
specifically for the upper limb; gait re-education, where the primary intention was to 
impact on spatial or temporal parameters of gait; vestibular rehabilitation; and 
wheelchair propulsion interventions were not included. Studies reporting activities 
where the participant could be passive such as hippotherapy and robotic training 
were also not included. Control interventions could include passive controls, (often 
reported as usual activity/ care or a non-targeted exercise intervention such as 
relaxation or massage) or active controls where an active exercise comparator was 
included. 
 
Included studies had to report at least one objective and/or self-report 
measure of either strength, aerobic capacity, endurance, fatigue, walking capacity or 
physical activity. Measures of walking capacity could include 10 metre, 25 foot, 2 
minute and 6 minute walking tests and any type of accelerometry data.  
 
Exercise interventions were categorised as either aerobic, resistance or 
combined training or as ‘other’ interventions, such as yoga, Pilates and inspiratory 
muscle training. 
 
2.3 Data sources and search strategy 
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  A search strategy was developed in liaison with an information specialist, 
based on the following key terms; “multiple sclerosis” OR MS AND exercise OR 
“physical activity” AND strength OR aerobic OR fitness OR training. The full search 
strategy can be found in appendix 1. Two reviewers (LM and RD) conducted 
electronic searches of MEDLINE, EMBASE, CINAHL, AMED, PEDro, 
SPORTDiscus, PsycINFO, Web of Sciences and SCOPUS from January 1993 to 
October 2018. This 25 year period was chosen to encompass the earliest of MS 
rehabilitation/ exercise randomized controlled studies. Electronic searches were 
supplemented by hand searches of reference lists. Duplicates were removed and 
records were imported into the Rayyan data management system. Titles and 
abstracts were independently screened for eligibility based on the inclusion criteria 
by two reviewers (RD or JF and LM). Finally, full texts of remaining articles were 
read by two reviewers (LM, LC or RD) and any disagreements were discussed with a 
fourth member of the research team (JF).  
 
2.4 Data extraction 
A customized Excel spreadsheet was used to collate the extracted data from 
included studies. Details extracted included participant characteristics (age, gender, 
disease duration, MS phenotype, disability level and fatigue as a symptom); modality 
of the intervention (setting, group/ individual structure, level of supervision, 
intervention duration, session duration, intensity, frequency); content of the 
intervention (aerobic/ resistance/ combined / other modality/ including a behavioral or 
home exercise program component); report of adverse events, % drop-out, and 
adherence during the intervention period and at any follow up. Where there was 
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missing data, the median was used as a proxy for the mean and 0.75 times the 
interquartile range or 0.25 times the range as proxies for the standard deviation.27 
Standard errors were converted into standard deviations by multiplying the standard 
error by the square root of the sample size.27 
Data extraction was completed by one reviewer (RD, LM or LC) and 10% of 
papers (n=10) were also extracted by a second reviewer for quality assurance 
purposes (JF or UD) with a kappa of 0.639, p < 0.0001 indicating substantial 
agreement between reviewers. Adherence data from all studies that reported this 
was extracted by two reviewers (RD, LM or LC).  
 
2.5 Quality Assessment 
Methodological quality was assessed independently by two reviewers (LM, LC 
or RD) using the Tool for the assEssment of Study qualiTy and reporting in EXercise 
(TESTEX) rating scale; a novel tool designed for appraising methodological quality of 
exercise studies.28 Any discrepancies were discussed, and on six occasions a third 
reviewer (JF) was consulted to reach consensus. 
 
2.6 Synthesis of results 
The adherence data were extracted in the form of proportion of participants 
‘adherent’ to an intervention or mean number or percentage of sessions attended. 
Where adherence was reported as mean number or percentage of sessions 
attended, this was not always accompanied by a measure of variation. 
Consequently, and in line with McPhate et al.29 the data were converted to represent 
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the proportion of participants ‘adherent’ in order to include all interventions in the 
analysis. In studies with an exercise comparator group, adherence data were 
reported separately for each different intervention evaluated in the same study; for 
example, Pilutti et al. 2016a (recumbent stepper), Pilutti et al. 2016b bodyweight 
support treadmill). For the purpose of clear reporting, in cases where study results 
were reported by more than one article, the paper reporting the primary outcome or 
with most complete adherence data was used. 
A meta-analysis was conducted to estimate the pooled adherence across the 
59 interventions (41 studies) using the Freeman-Tukey double arcsine 
transformation to transform the raw proportions. We hypothesised that intervention 
type (i.e. ‘aerobic’, ‘resistance’, ‘combined’ or ‘other) would be a moderator of 
adherence and as such we calculated pooled adherence within these sub-groups as 
well as across all studies, taking into account this sub-grouping using a mixed effects 
model. 
Heterogeneity was assessed using the I-squared statistic and meta-
regression was used to examine the association between the a priori defined study 
intervention related variables (potential moderators including: intervention type, 
duration, and frequency, supervised or unsupervised, inclusion of a behavioural 
intervention or home exercise component and EDSS, disease duration, mean age 
and proportion of female participants, TESTEX score of study quality) and 
adherence.  
Studies reported adherence data for participants who completed an 
intervention. As such, this did not take into account participants who dropped out of a 
study (for whatever reason). In this review therefore, in order to consider the impact 
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of study drop-outs on adherence, analysis was repeated with percentage adherence 
recalculated to include drop-outs. Mindful that reasons for drop-out (exercise 
intervention or study process related) were not consistently provided, each drop-out 
was assumed a conservative adherence estimate of 0%.  
A further meta-analysis was also carried out including only those studies 
which reported mean adherence (with a measure of variation). All analyses were 
carried out using the ‘metafor’30 package in R.31 
 
3. Results 
3.1 Study characteristics 
Searches identified 10267 articles which after deduplication resulted in 6612 
titles and abstracts being reviewed. Of these, 133 were included for full text review of 
which 93 met the inclusion criteria. For further detail please refer to figure 1. 
 Insert Figure 1 













  Exercise adherence and drop-out in MS 



















Records identified through 
database searching  























n Additional records identified 
through other sources  
(n = 2) 
 
 
Records after duplicates removed at title/ 
abstract level duplicates (n = 3557) 
No author information (n=98) 
Records screened  
(n = 6612) 
Records excluded 
(n = 6479) 
Full-text articles assessed 
for eligibility  
(n = 133) 
Full-text articles excluded 
n=40 (with reasons) 
 
(n =15 not RCT (feasibility 
n=1, pilot n=4) 
n = 7 no required outcome 
measure  
n= 9 no full text available   
n=2 thesis 
n= 6 not exercise 
intervention 
n=1 other) 
Studies included in review  





  Exercise adherence and drop-out in MS 
The 93 included articles reported on 81 RCTs which involved 4007 pwMS, 
mean (SD) age 43.8 (8.2) years, disease duration 9.2 (6.3) years. Eleven of the 
included studies only involved people with relapsing remitting MS (RRMS), 19 
included people with all types of MS (RRMS, secondary progressive MS, primary 
progressive MS and benign) and 11 did not state MS type. Disability level was 
reported using the Expanded Disability Status Scale (EDSS) in 59 studies.32 Other 
measures used were the Patient Determined Disease Steps (PDDS)33 and the Guys 
Neurological Disability Scale (GNDS).34 The vast majority of studies included people 
who were ambulant with or without walking aids (EDSS 0-6.5) with only three 
studies35-37 including participants with an EDSS ≥7. 
In eleven studies the RCT involved exercise comparator groups, seven 
included active controls and 31 enrolled passive controls. Of the passive controls, 
two were defined as relaxation exercises41, 90 and one as massage.92 The remaining 
studies described the content of the passive control as “usual activity” or “usual 
care”. Two studies gave some information about what usual activity could comprise 
of, for example ‘recording in a diary all physical activity exceeding 20 minutes and 
occurring more than twice a week’, 58 or ‘usual care could include habitual exercise 
participants engaged in, or therapy, provided it did not include progressive resistance 
training.59 Importantly however, no authors defined, detailed or reported what usual 
activity included or stated adherence to that activity. As such it is not possible to 
comment on adherence to the passive control group content. Adherence data 
throughout this review, therefore, is reported for active exercise interventions, both 
the exercise comparator and active control groups. 
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3.2 Studies reporting adherence and drop-out 
Of the 81 included studies, 41 (51%) reported adherence to an intervention 
(exercise comparator and/ or active control). Details regarding the study 
interventions can be found in table 1. The definitions of adherence used and 
methods of reporting were not consistent. In 38 cases adherence was defined as the 
proportion of prescribed sessions attended. On three occasions adherence was 
defined as the proportion of people who were adherent based upon a pre-defined 
cut-off; exercise on 45%38 of days during the study or 67%39 or 80%40 of sessions 
attended.  
Nine11,13,40-46 papers stated within their methods section that adherence was 
an outcome of interest. Sample size in the studies reporting adherence ranged from 
n=1447 to n=3149 with mean (SD) intervention participant age 46.1(8.4) years and 
control participant age 45.5 (7.8) years. Mean disease (SD) duration of intervention 
participants was 9.4 (7.1) years and EDSS score 3.8 (1.2) and controls was 9.5 (6.2) 
years and 3.3 (1.1) EDSS score.  
Mean intervention duration was 12.2 weeks (range 3-26) and mean frequency 
3.3 sessions a week (range 1-7). Of the included studies only 11 (14%) included a 
follow up assessment (range 4-26 weeks) of which three (4%) made reference to 
exercise adherence during this period.  
 
Insert table 1 here
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Legend: *main study reported, also reported in following articles:  2009* Dalgas 2010, Dalgas 2010a, Dalgas 2013; Collett 2010* also in Feltham 2013; 
Hansen 2015* also in Hansen 2015a, Fry 20017* also in Pfalzer 2011; Kjolhede 2015* also in Kjolhede 2017; Romberg 2004* also in Romberg 2005, Surakka 
2004; Wens 2015* also in Wens 2016. 
+ Adherence calculated to include drop-outs (drop-outs assigned 0% adherence) 
Abbreviations: PPO: Peak power output achieved during incremental exercise test to exhaustion, VO2max: maximal oxygen consumption, VO2peak: peak 
oxygen consumption, RM: repetition maximum, BW: body weight, MVC: Maximal voluntary contraction, MIP: Maximal inspiratory pressure, TMW: 
Tolerated maximum workload, W: Watts; PDDS: Patient determined disease steps; Indiv: Individual; NR: not reported.
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3.3 Reporting of adherence and drop-out 
Authors reported adherence in a variety of ways including: the number or 
proportion of participants attending a particular number of sessions (n=7); the 
number or proportion of participants attending all sessions (n=6); the total number of 
prescribed exercise sessions attended (n=2); mean number of sessions attended by 
participants (either as a single average (n=7) or as an average accompanied by a 
measure of variation (n=19)).  
With respect to adherence to the exercise protocol (content adherence), thirty-
five of the forty-one studies did not provide any detail to confirm completion of the 
exercise program as prescribed. A further five studies reported only very briefly on 
intervention completion, by statements such as: “the intervention was completed as 
prescribed” 91, 93; participants “completed all the scheduled training sessions” 86; 
“affirmed full compliance with the programme” 43 or that “the intervention schedule 
was completed”.48   Only one study gave additional, although limited details, by 
reporting that adherence to the program was successful, with 95% of exercise 
sessions completed and participants in the exercise group successfully increasing 
the weight in their vests by 0.5% to1.0% of body weight during the 8-week 
intervention.11  
Reported adherence to an exercise intervention (exercise comparator or 
active control) ranged from 50%38,48 -100%47,49 during the intervention period and 
20%50 - 88%51 in the three studies reporting this during follow up. Seventy eight 
percent of included interventions reported adherence of 80% or more. Eighty two 
percent of these were supervised interventions. In two studies, flexibility regarding 
time frame for completing the intervention was allowed within the protocol in order to 
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attain 80% adherence.12,52 Methods used to measure adherence were stated in 
eleven studies, some of which included more than one method, and included session 
attendance monitoring (n=5), self-report diary or logbook (paper; n=9; electronic 
diary n=1) or activity tracker (n=1).   
The pooled estimate of adherence was 0.87 (95% CI 0.83 to 0.90), as 
illustrated in Figure 2. This estimate represents the proportion of participants 
reported as adherent to the intervention when adherence data were combined in a 
meta-analysis. The I-squared statistic was 57% (95% CI 46.4% to 76.2%) indicating 
a moderate-to-high degree of heterogeneity.  
Insert figure 2 
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The reported drop-outs from exercise interventions ranged from 0%47 to 
47%53 during the intervention period and 0-2740% at follow up. There was a lack of 
consistency in reporting adherence and drop-out numbers and reasons for drop-out. 
This was the case regardless as to whether or not studies reported adherence at 
follow up. For instance, some studies excluded people who did not reach a pre-
defined cut-off level of adherence to an intervention, such as 75%53 or 80%46,50 of 
sessions attended and instead reported them as drop-outs.  
When adherence was re-calculated to include drop-outs, the pooled 
adherence was 0.73 (95% CI 0.68 to 0.78) and I-squared was 73% (95% CI 66.0% 
to 84.7%) as illustrated in figure 3. 
Insert figure 3 
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3.4 Moderators 
Only mean age (estimate=-0.009, standard error=0.003, p=0.013), proportion 
of female participants (estimate=-0.003, standard error=0.001, p=0.017), and 
duration of intervention (estimate=-0.007, standard error=0.003, p=0.045) all showed 
statistically significant inverse associations with adherence and together explained 
31% of the adherence heterogeneity. 
 
A range of potential strategies to enhance adherence have been 
suggested.17,18 Our moderator analysis however suggested that there was not a 
significant association with adherence in relation to the use of behavioural 
interventions or a home exercise component. Fifteen studies9,11,12,38-45,54-57 
incorporated a home exercise element, eight of which were home based 
interventions. Fifteen studies9,11,12,38,40-45,54-56,58,59 included a behavioural intervention 
component. These were reported as goal setting,12,55 use of an activity tracker,12 
telephone support,11,42,45 face to face support,11 peer support,12 social support,55,59 
education regarding benefits of exercise9,42,55,58 and log or workbooks.41,44 Only 




The mean TESTEX score of the included studies reporting adherence was 
7.5/15. Details of the individual scores can be found in table 2. Sixty six (70%) 
studies scored below 10 points, which although not designed to be a cutoff point, is 
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suggested by the scale’s authors as indicative of poor study design and/ or reporting 
(personal communication). TESTEX score was not found to be a moderator of 
adherence. 
Insert table 2 here
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Table 2: TESTEX scores of all included studies 
Paper 



































Total score/ 15 
Ahmadi 2010  0 0 1 1 0 1 0 0 0 0 0 1 0 0 0 4 
Ahmadi 2010 1 0 1 1 0 1 0 0 0 0 0 1 0 0 0 5 
Ahmadi 2013 1 0 1 1 0 1 0 0 0 0 0 1 0 0 1 6 
Ahmadi 2013  1 0 1 1 0 1 0 0 0 0 0 1 0 0 1 6 
Aidar 2018 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 3 
Amiri 2018 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 2 
Aydin 2014 0 1 0 1 0 1 0 0 0 0 0 1 0 0 0 4 
Bansi 2012 1 1 0 1 1 1 0 0 0 0 0 1 0 0 1 7 
Bansi 2013 1 1 0 1 0 1 0 0 0 1 1 1 0 0 1 8 
Barrett 2009 1 1 0 1 0 0 1 0 0 1 1 1 0 0 0 7 
*Bjarnadottir 
2007 
1 0 1 1 1 0 1 0 0 0 0 1 0 1 1 8 
  Exercise adherence and drop-out in MS 
Bulguroglu 2017 1 0 0 1 1** 1 1 0 0 0 0 1 0 1 0 7 
*Cakit 2010 1 1 1 1 1 0 0 1 0 1 1 1 0 1 1 11 
*Carter 2014 1 0 1 1 0 1 1 1 0 1 1 1 0 1 0 10 
Castro-Sánchez 
2011 
1 0 1 1 1 1 1 0 0 1 1 1 0 0 0 9 
*Collett 2010 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 14 
*Conroy 2018 1 0 1 1 1 0 0 0 0 1 1 1 0 0 0 7 
*Dalgas 2009 1 1 1 1 0 0 0 1 0 1 1 1 0 1 1 10 
Dalgas 2010 1 0 1 1 0 0 0 1 0 0 0 1 0 1 1 7 
Dalgas 2010 1 1 1 1 0 1 0 1 0 0 1 1 0 1 1 10 
Dalgas 2013 1 0 1 1 0 0 0 0 0 0 1 1 0 1 1 7 
*DeBolt 2004 1 0 1 0 0 1 0 1 0 1 1 1 0 0 0 7 
Dettmers 2009 1 0 0 1 0 1 0 0 0 1 0 1 0 0 0 5 
*Dodd 2011 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14 
*Duff 2018 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 12 
Ebrahimi 2012 1 0 0 1 1** 1 0 0 0 0 1 1 0 1 1 8 
Eftekhari 2012 1 0 1 1 0 1 1 0 0 0 1 0 0 0 0 6 
Eftekhari 2018 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 4 
Escudero-Uribe 
2017 
1 1 1 1 1** 1 1 0 0 0 1 1 0 0 0  
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Feltham 2013 1 1 1 1 1 0 0 1 0 0 0 0 0 1 1 8 
*Feys 2017 1 0 0 1 0 0 1 1 1 1 1 1 0 0 1 9 
*Fimland 2010 1 0 1 1 0 1 1 1 0 0 1 0 0 1 1 9 
*Forsberg 2016 1 1 1 1 1 0 1 1 0 1 1 1 0 0 0 10 
*Fox 2016 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 11 
Frevel 2015 1 1 1 1 0 1 0 0 0 1 1 1 0 0 0 8 
*Fry 2007 1 0 1 1 1** 1 0 1 0 0 1 1 0 0 1 9 
Gandolfi, 2014 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 11 
*Garrett, 2012 0 0 0 0 1 0 0 0 0 1 1 1 0 1 1 6 
Golzari, 2010 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 4 
Hansen, 2015i 0 1 1 1 1 0 0 1 0 1 1 1 0 1 0 9 
*Hansen, 2015ii 0 1 1 1 1 0 1 1 0 1 1 1 0 1 0 10 
*Harvey, 1999 1 1 0 1 0 1 0 1 0 0 0 0 0 0 0 5 
Hassanpour-
Dekho, 2016 
1 1 0 0 1** 1 0 0 0 0 0 1 0 0 0 5 
Hayes, 2011 1 0 1 1 0 1 1 1 0 0 0 1 1 1 0 9 
Hebert, 2011 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 13 
Heine, 2017 1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 11 
*Hogan, 2014 1 1 1 0 1** 0 0 1 0 0 0 1 0 1 0 7 
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*Hojjatollah, 
2012 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2 
*Hosseini, 2018 1 1 0 1 0 1 0 0 0 0 0 1 0 0 0 5 
*Kalron, 2017 1 1 0 1 1** 1 1 1 0 0 0 1 0 1 0 9 
Kargarfard, 2012 1 1 1 1 1** 0 1 0 1 0 0 1 0 0 0 8 
*Kerling, 2015 1 0 1 1 1 0 0 1 1 1 1 1 0 1 1 11 
*Kjolhede, 2015 1 1 1 0 0 1 0 1 1 0 0 1 0 1 1 9 
Kjolhede, 2017 0 1 1 0 1** 0 0 0 0 0 0 1 0 0 0 4 
Klefbeck, 2003 1 0 0 1 0 1 0 0 0 0 0 0 0 1 1 5 
Kooshiar, 2014 1 1 1 0 0 1 0 0 0 0 0 1 0 0 0 5 
Kucuk, 2016 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 4 
Magnani, 2016 1 1 0 1 0 0 0 0 0 1 1 0 0 1 1 7 
*Manca, 2017 1 1 1 1 1** 0 1 1 0 0 0 1 0 0 1 9 
*Medina-Perez, 
2014 
1 0 1 1 0 1 1 1 0 1 1 1 0 1 1 11 
*Medina-Perez, 
2016 
1 0 1 1 1** 0 1 1 0 0 1 1 0 1 1 9 
Mokhtarzade, 
2017 
1 0 1 1 0 1 0 0 0 0 0 1 0 1 1 7 
*Moradi, 2015 1 1 0 1 1** 0 1 0 0 0 0 1 0 1 1 8 
Mori, 2011 1 0 1 1 1 0 0 0 0 0 0 1 0 0 0 5 
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*Mostert, 2002 1 0 1 0 0 0 0 1 0 0 0 0 1 0 0 4 
*Mutluay, 2007 1 1 0 1 1** 1 0 1 0 0 1 1 0 0 0 8 
Najafidoulatabad
, 2014 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
*Negaresh, 2018 1 1 0 0 1 1 1 1 0 1 1 1 0 1 1 11 
*Oken, 2004 1 0 1 1 1 0 1 1 0 1 0 1 0 0 0 8 
*Ozkul, 2018 1 1 1 1 1 1 0 1 0 1 0 1 0 1 1 11 
Pazokian, 2013 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
*Petajan, 1996 1 0 0 1 1** 1 0 1 0 0 0 1 0 1 1 8 
Pfalzer, 2011 1 0 0 1 1** 0 0 1 0 0 0 1 0 0 0 5 
*Pilutti, 2016 1 1 1 0 0 0 1 1 0 1 1 1 1 1 0 10 
Razazian, 2016 1 1 0 1 1** 1 0 0 0 0 0 1 0 0 0 6 
Riksfjord, 2017 1 0 1 0 0 1 1 0 0 1 1 1 0 1 1 9 
*Romberg, 2004 1 0 0 0 0 0 1 1 1 1 1 1 0 1 0 8 
Romberg, 2005 1 0 0 1 0 1 0 0 1 0 0 1 0 0 0 5 
Samaei, 2016 1 1 1 1 1 1 0 0 1 1 1 1 0 1 1 12 
*Sandroff, 2017 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 12 
Sangelaji, 2016 1 0 0 1 1** 1 0 0 1 0 0 1 0 1 1 8 
Schulz, 2004 1 0 1 1 0 0 0 0 0 0 0 1 0 0 1 5 
Smeltzer, 1996 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 3 
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Surakka, 2004 1 1 0 1 0 1 0 1 0 0 0 1 0 1 0 7 
*Sutherland, 
2001 
1 0 0 1 0 1 0 1 0 0 0 1 0 0 0 5 
*Tallner, 2016 1 1 1 1 1 0 0 1 0 1 1 1 1 0 0 10 
Tarakci, 2013 1 0 1 1 1 1 1 0 1 1 1 1 0 0 0 10 
Velikonja, 2010 0 0 0 0 1** 0 0 0 0 0 0 1 0 0 0 2 
*Wens, 2015i 1 1 1 1 0 1 1 1 0 1 1 1 0 1 0 11 
*Wens, 2015ii 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 13 
Wens, 2016 1 1 1 1 0 1 1 1 0 1 1 1 0 1 0 11 
Westerdahl, 
2015 
1 1 1 1 1 1 1 0 0 1 1 1 0 0 0 10 
*Zimmer, 2017 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 13 
 
Legend: **no primary outcome but assessor blinded.  *Study included in meta-analysis.  
i/ii Two studies by the same author in the same year in referenced order where included in meta-analysis.
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4. Discussion 
The results of this systematic review provide a novel synthesis of the 
measurement and reporting of adherence and drop-out from exercise interventions 
(both exercise comparators and active controls) in exercise studies in MS. Overall 
measurement and reporting is poor, with only half (41/81) of the identified RCT 
studies reporting adherence. The lack of data is particularly striking in the follow up 
period where only three of 81 studies reported whether participants continued to 
engage in exercise. Hence we cannot ascertain from the existing evidence whether 
or not pwMS continue to exercise in the medium or longer term following the 
initiation of an exercise programme. This potentially limits the translation of results to 
clinical practice, since clinicians cannot make evidence based decisions regarding 
which exercise approach is most effective in sustaining long-term engagement in 
exercise; this being known to be required to retain any immediate benefits gained. In 
addition, only a few weak adherence moderators were identified. It would have also 
been interesting to determine levels of adherence to the control group intervention, 
however this data was rarely recorded or reported.   
On a more positive note, it is encouraging that adherence to the exercise 
interventions (based on attendance to supervised sessions and percentage 
completion of prescribed home programme exercises) was high in the 41 studies 
which reported adherence during the intervention period, with the majority (78%) 
reporting adherence in excess of 80%. It is noteworthy, that more than 80% of this 
data related to attendance at supervised sessions.  It is possible however, that this 
level of adherence is an overestimation given half of the exercise studies did not 
report adherence which potentially may have been due to poor levels of adherence 
rather than lack of measurement. During follow up, when supervision had ceased, 
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the three studies reporting adherence scored 20,50 3640 and 88%51 although this data 
should be interpreted with caution given the very limited number of studies upon 
which this is based.  
Drop-out during intervention ranged from 0-47% and 0-27% at follow up. 
Whilst it is possible that participants may have dropped out for reasons related to the 
exercise intervention, unfortunately, a lack of consistency and detail in reporting 
means that it is not possible to determine whether or not this was the case. The 
limited available data provided wide ranging reasons for drop-out, which include 
personal circumstances (e.g. family illness) which are not modifiable when 
considering potential changes to either study or intervention design. Of note, Pilutti et 
al.60 has previously reviewed the literature and reported that the number of adverse 
events in, and drop-outs from MS exercise groups are comparable to those from the 
control groups. In addition, the exercise groups in general had a risk reduction of 
27% for having a relapse thus, adverse events and an increased relapse rate are 
likely not major factors affecting adherence in MS exercise studies. 
 
There are several major findings of this review. Firstly, the variety of 
adherence definitions reported by the identified studies suggests that trials do not 
consider adherence in consistent ways. Indeed the focus of a laboratory-based proof 
of concept intervention study will have different issues related to adherence than a 
pragmatic community-based physiotherapy intervention. It may therefore be that 
different definitions are appropriate for different trials, however their definition should 
clarify the specific elements of adherence that are being addressed.61   
  Exercise adherence and drop-out in MS 
The majority of studies in the review reported the proportions of available 
sessions attended as the measure of adherence. This data is informative for 
determining feasibility of the programme, particularly from a service delivery 
perspective. Another aspect of adherence relates to whether an exercise intervention 
is completed at the prescribed intensity and/or duration of the protocol (content 
adherence). This provides information as to whether an adequate training stimulus 
was received, and whether the prescribed training is achievable for all participants. 
In this review only one study11 was identified that provided any detail on this aspect 
of adherence and none explicitly reported details of how many people deviated from 
the prescribed training protocol with respect to intensity and/or duration. As exercise 
protocol deviations are likely to be present in most studies, future trials should 
optimally provide data on planned versus actual intensity (such as heart rate data 
confirming aerobic intensity or loading data from resistance training) and duration of 
exercise. This also highlights the issue that words often used synonymously may 
indicate different aspects of adherence, a finding also underlined by other reviews of 
adherence in different populations.62,63 In addition, studies reported adherence of 
completer participants. Reporting adherence including that of those who dropped out 
of a study for an intervention related reason would add further transparency and 
accuracy of intervention adherence. Interestingly the Consensus on Exercise 
Reporting Template (CERT) only recommend that a detailed description is provided 
on how adherence to exercise is measured and reported, but do not provide any 
specific recommendation on how to report adherence.64 
 
A second finding is that of how adherence is measured. To our knowledge 
there is no guidance available regarding the optimal method for measuring 
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adherence in exercise studies in people with neurological conditions, although 
attempts have been made to make such recommendations within the 
musculoskeletal field.65 In our review, the majority of studies measured adherence as 
session attendance. However, some studies measured adherence via self-report 
electronic or paper logbooks or self-report diaries. The use of different methods 
makes comparison between studies or inclusion within meta-analysis difficult. 
Furthermore, interpretation of the self-report data needs to be considered mindful of 
the widely recognised issues of over-inflation of exercise reporting, memory recall 
and social desirability.66 Thirdly, without a follow up period post intervention it is not 
possible to know whether people continued to engage in exercise or if any benefits 
resulting from a given intervention are maintained long-term, which is a key focus of 
current research. Only eleven of the studies in this review included such a follow up 
period and of these only three made comment as to whether exercise adherence 
continued over this time. The necessity of evaluating long-term follow up to 
determine whether short-term changes persist is emphasised in the Development 
and Evaluation of Complex Interventions guidance.67 Our review demonstrates that 
this recommendation is not yet being widely followed.  
 
It is noteworthy that in this review, we have highlighted studies that include 
comprehensive behavioural interventions as well as those incorporating a 
component in line with Michie et. al.68 such as follow up phone calls or completion of 
activity logs. Although the benefits of including a behavioural intervention are 
recognised in the literature, only around a third of studies reported inclusion of such 
and in the majority of cases the extent of this component appeared to be limited. 
Although not included in this review, it is encouraging that more recent pilot and 
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feasibility studies69-71 are seeking to further evaluate the addition of such 
interventions which may provide useful future insights. 
 
An objective of this review was to identify moderators related to adherence 
and drop-out during the exercise intervention and at follow up. Of the variables 
assessed, only age, proportion of females and duration of intervention were the 
significant moderators. This finding was unexpected. On the basis of clinical 
experience and studies investigating correlates and determinates of physical 
activity.72 it was anticipated that disease duration and level of disability might also 
have been significant moderators. So too might programme related factors such as 
the exercise modality, mode of intervention delivery, and whether or not the 
programme was supervised, as has been the case in studies in other 
populations29,73,74 however this was not the case. In addition, group allocation may 
have been a moderator but analysis of this was not possible due to the lack of 
passive control (usual activity) group adherence data.  
 
As has been the finding of previous systematic reviews of rehabilitation 
interventions,61,75,76 reporting of the study methods and results was not consistently 
of a high standard. In particular this was with respect to the transparency of reporting 
and incomplete or inaccurate reporting (such as of drop-out data). This makes both 
interpretation and implementation of the results more difficult for both researchers 
and clinicians. It underlines the necessity for authors to more closely follow the 
Consolidated Standards of Reporting Trials (CONSORT),77 CERT64 and the 
Template for Intervention Description and Replication (TIDieR)78 guidelines in order 
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to facilitate the translation of evidence to practice. In addition, future exercise studies 
should seek to report their work in line with the criteria for the development and 
evaluation of complex interventions,79 where process evaluation is considered 
important to exploring issues related to the delivery and uptake of an intervention, 
such as adherence.     
 
5. Strengths and limitations  
This is a comprehensive review of adherence to exercise interventions over 
the last 25 years. Conducted in line with PRISMA guidance and utilising an exercise 
specific methodological appraisal tool, it provides a robust overview of the MS 
specific exercise literature. The study, however has several limitations, which include 
possible bias as studies not published in English were not included. The grey 
literature was not searched in this systematic review which may be a further 
limitation. Finally, we did not go back to the original authors for raw data, since the 
focus of our review was on the measurement and reporting of adherence data. 
Whilst this may have provided additional information, poor response rates are 
common when attempting to retrieve such data.80 The results should therefore be 
interpreted in light of these.  
6. Conclusions 
Only half of the existing exercise RCT studies in MS report data on both 
adherence and drop-out during the intervention period, and it was very rare for this 
data to be gathered at follow up. In addition, only a few weak moderators of exercise 
adherence were identified. Researchers are urged to consider clear definitions and 
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presentation of adherence data within future studies to enable the clinician to make a 
balanced cost-benefit decision regarding implementation. 
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